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(54) Transmitter-receiver for non-contact IC card system 

(57) In a non-contact IC card system which trans- 
mits and receives signals between an interrogator and 
a transponder, a transmitter-receiver used for the inter- 
rogator comprises a distance detecting means for de- 
tecting the distance between the interrogator and the 
transponder, and an output control means for controlling 
the output level of the interrogator in accordance with 
the signals detected by the distance detecting means, 
so as to keep the receiving level of the transponder with- 
in the range of a given value. 

The receiving level in the transponder can be pre- 
vented from varying depending on the distance between 
the interrogator and the transponder, so that it becomes 
unnecessary to provide a protective circuit against an 
excessive increase of the receiving level. The optimum 
threshold voltage can also be prevented from varying. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a non-contact integrated 
circuit (hereinafter "IC") card system which transmits 
and receives signals between an interrogator (a reader- 
writer) and a transponder (a card), in particular, to a 
transmitter-receiver used for the interrogator. 

2. Description of the Related Art 

As one of relatively short-distance communication 
systems, non-contact I C card systems are well known 
which transmit and receive signals between an interro- 
gator (a reader-writer) and a transponder (a card) by the 
electromagnetic coupling method or electromagnetic in- 
duction method. 

Fig. 2 is a block diagram commonly used in such an 
electromagnetic coupling type non-contact IC card sys- 
tem. In the non-contact IC card system shown in Fig. 2, 
the interrogator modulates a carrier wave generated in 
an OSC (oscillator) 1, through a modulating circuit 3 in 
accordance with signals from a data-processing circuit 
2, and the modulated wave is amplified in a constant- 
current driver circuit 4 and then transmitted to the trans- 
ponder through an antenna coil 5. The transponder re- 
ceives signals from the interrogator through a tuning 
resonant circuit comprised of an antenna coil 1 1 and a 
capacitor 1 2, whereupon the received signals are de- 
modulated in a demodulating circuit 1 3 and are sent to 
a data-processing circuit 14. The data are processed in 
the data-processing circuit 14, and the preset data are 
sent to a modulating circuit 15 and then sent out to the 
interrogator through an antenna 11 . The interrogator re- 
ceives the signals sent from the transponder through the 
antenna coil 5, whereupon the signals are demodulated 
in a demodulating circuit 6 and then sent to the data- 
processing circuit 2 to process the data to make judge- 
ment or the like. 

Now, in general, the electric or magnetic field inten- 
sity emitted from the antenna in such a communication 
system decreases in inverse proportion to the cube of 
the distance from the antenna. More specifically, in the 
case of a dipole antenna, the electric filed intensity emit- 
ted therefrom decreases in inverse proportion to the 
cube of the distance from the antenna. In the case of a 
loop antenna, the magnetic filed intensity emitted there- 
from decreases in inverse proportion to the cube of the 
distance from the antenna. Accordingly, in order to make 
the communication distance longer, the receiving effi- 
ciency of the transponder is required to be set higher 
with respect to a constant signal output of the interroga- 
tor. 

However, when a transponder whose receiving ef- 
ficiency has been set higher is held very close to the 



interrogator for example, when the card as a transpond- 
er is held close to the interrogator, the transponder re- 
ceives an excessive signal or power to cause damage 
of the circuit in the transponder in some cases. Accord- 
s ingly, to cope with this problem, it is common to provide 
an additional circuit such as a protective circuit 16 as 
shown in Fig. 3, which sets the upper limit of a receiving 
level, or a level shift circuit. 

Since, however, additional parts are required in or- 
der to provide the protective circuit or the level shift cir- 
cuit, there are problems such that the transponder can 
not be made compact, the production cost increases 
and the frequency response may deteriorate. 

Even when the protective circuit or the level shift 
circuit are provided, the receiving level of the transpond- 
er varies depending on the distance between the inter- 
rogator and the transponder. Hence, in the case when 
the non-contact IC card system employs an ASK (am- 
plitude shift keying) modulation system, not only signal 
level Lg but also noise level L n becomes higher as the 
distance between the both locations becomes shorter. 
Thus, so long as a threshold value (threshold voltage) 
at which a signal level is discriminated from a noise level 
is kept constant, the bit error rate tends to become high- 
er. Namely, the ASK modulation type non -contact IC 
card system has the problem that an optimum threshold 
voltage varies depending on the distance between the 
interrogator and the transponder. To cope with this prob- 
lem, one may contemplate that the threshold voltage 
may be made variable. It, however, is difficult to optimal- 
ly change the threshold voltage in accordance with the 
distance between the interrogator and the transponder. 

SUMMARY OF THE INVENTION 

This invention settles the problems in the prior art 
as discussed above. An object of the present invention 
is to make the transponder's receiving level constant 
without dependence on the distance between the inter- 
rogator and the transponder, to thereby make it unnec- 
essary to provide the additional circuit such as the pro- 
tective circuit, and make the optimum threshold voltage 
stable to lower the bit error rate. 

The present inventors have discovered that the re- 
ceiving level of the transponder can be kept constant by 
providing the interrogator with the function to detect the 
distance between the interrogator and the transponder 
and controlling the interrogator's output level in accord- 
ance with the distance thus detected. They have thus 
accomplished the present invention. 

This invention provides a transmitter-receiver used 
for an interrogator in a non-contact IC card system which 
transmits and receives signals between the interrogator 
and a transponder; the transmitter-receiver comprising; 

a distance detecting means for detecting the dis- 
tance between the interrogator and the transpond- 
er; and 
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an output control means for controlling the output 
level of the interrogator in accordance with the sig- 
nals detected by the distance detecting means, so 
as to keep the receiving level of the transponder 
within the range of a given value. 

In the interrogator comprising the transmitter-re- 
ceiver of the present invention, the distance detecting 
means detects the distance between the interrogator 
and the transponder, and the output control means con- 
trols the antenna output level of the interrogator in ac- 
cordance with the results detected by the distance de- 
tecting means, so as to keep the receiving level (signal 
level or receiving power level) of the transponder within 
the range of a given value. Hence, the receiving level of 
the transponder is kept substantially constant without 
dependence on the distance between the interrogator 
and the transponder. Thus, it could become unneces- 
sary to provide the transponder with the protective cir- 
cuit against the excessive increase of receiving level in 
the transponder, caused by a too short distance be- 
tween the interrogator and the transponder. According- 
ly, it becomes possible to make the circuit of the trans- 
ponder simpler. 

Since the receiving level in the transponder is sub- 
stantially constant without dependence on the distance 
between the interrogator and the transponder, the opti- 
mum threshold voltage for distinguishing signals from 
noise in the transponder is also substantially constant. 
Thus, the bit error rate involved in the transmission and 
reception of signals can be made greatly smaller and 
the communication can be made stabler 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a non-contact IC card 
system employing as the interrogator a device accord- 
ing to an embodiment of the present invention. 

Fig. 2 is a block diagram of a conventional non-con- 
tact IC card system. 

Fig. 3 illustrates a protective circuit provided in a 
transponder. 

Fig. 4 shows the relationship between signal level 
L s , noise level L n and threshold voltage. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be specifically described 
below by giving a preferred embodiment. 

Fig. 1 is a block diagram of a non-contact IC card 
system in which an interrogator comprising the device 
according to an embodiment of the present invention is 
set up in combination with the same conventional trans- 
ponder as that shown in Fig. 2. 

Like the interrogator as shown in Fig. 2, the interro- 
gator shown in Fig. 1 has a data-processing circuit 2, a 
modulating circuit 3, a constant-current driver circuit 4, 
an antenna coil 5, and a demodulating circuit 6. The sig- 



nals from the data-processing circuit 2 modulate a car- 
rier wave in the modulating circuit 3, and the modulated 
wave is amplified in the constant-current driver circuit 4 
and then transmitted to the transponder through the an- 
5 tenna coil 5. The signals received from the transponder 
are demodulated in the demodulating circuit 6 and are 
sent to the data-processing circuit 2 to process the data 
to make judgement or the like. These are common to 
the conventional one. 

10 However, the interrogator shown in Fig. 1 is different 
in that it is provided with an antenna coupling coefficient 
detecting circuit (hereinafter "k-detecting circuit") 20 as 
the distance detecting means for detecting the distance 
between the interrogator and the transponder and also 

is provided with, e.g., a gain control circuit 21 as the output 
control means for controlling the output level of the in- 
terrogator in accordance with the signals detected by 
the k-detecting circuit. 

In the interrogator shown in Fig. 1 , the k-detecting 

20 circuit 20 is a circuit in which an antenna coupling coef- 
ficient k indicating the degree of coupling between the 
antenna 5 of the interrogator and an antenna 11 of the 
transponder is detected in accordance with the voltage 
generated between terminals of the antenna 5 of the in- 

25 terrogator. More specifically, the antenna coupling coef- 
ficient k varies depending on the distance between the 
interrogator and the transponder and affects an imped- 
ance z viewed from the interrogator, as shown by the 
following formula. 

30 ? 

z = r 0 (l+k^C^) 

Therefore, the voltage drop occurring when the an- 
tenna 5 of the interrogator is driven at a constant current 
i s as follows: 

35 p 

In the formula, letter symbols represent the following: 

V s : Voltage generated between antenna terminals of 
40 the interrogator 

i s : Antenna drive current of the interrogator 
r 0 : Antenna residual resistance of the interrogator 
k: Antenna coupling coefficient 
Q 1 : Q (quality factor) of the antenna of the interrogator 
45 Q 2 : Q (quality factor) of the antenna of the transpond- 
er 

Here, the antenna drive current ig of the interrogator 
and the antenna residual resistance r 0 of the interroga- 
so tor is constant without dependence on the distance be- 
tween the interrogator and the transponder. The Q's (Q 1 
and Q 2 ) of the respective antennas of the interrogator 
and transponder are each a value specific to the anten- 
na of the interrogator or transponder. Therefore, the volt- 
55 age V g generated between antenna terminals of the in- 
terrogator can be determined to thereby determine the 
antenna coupling coefficient k according to the formula: 
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Meanwhile, the gain control circuit 21 shown in Fig. 
1 is a circuit that controls the output gain of the interro- 
gator so as to be proportional to a reciprocal of the an- 
tenna coupling coefficient k thus determined. 

Hence, according to the interrogator shown in Fig. 
1 , the output from the interrogator is controlled in ac- 
cordance with the distance between the interrogator and 
the transponder, so that it becomes possible for the 
transponder to maintain a constant receiving level. 

In the foregoing, one embodiment of the present in- 
vention has been described with reference to the draw- 
ings. Besides this embodiment, the present invention 
may take various modes. For example, in the interroga- 
tor shown in Fig. 1, in which the k-detecting circuit that 
detects the antenna coupling coefficient k is provided as 
the distance detecting means and the gain control circuit 
21 that controls the gain correspondingly to a reciprocal 
of the antenna coupling coefficient k is provided as the 
output control means of the interrogator, the distance 
detecting means and the output control means are by 
no means limited to these. A characteristic value varia- 
ble depending on the distance between the interrogator 
and the transponder, as exemplified by a mutual induct- 
ance, may be detected to control the output level of the 
interrogator in accordance with the results thus detect- 
ed. 

The present invention can also be widely applied in 
interrogators of electromagnetic coupling type or elec- 
tromagnetic induction type non-contact IC card sys- 
tems. Thus, while an example in which the antenna is 
fed through the constant-current driver circuit is given in 
the embodiment described above, the present invention 
can also be applied in an instance where the antenna is 
fed through a constant-voltage driver circuit. 

As described above in detail, the present invention 
makes it possible to make the interrogator's receiving 
level constant without dependence on the distance be- 
tween the interrogator and the transponder. Thus, it be- 
comes unnecessary to provide the transponder with the 
additional circuit such as the protective circuit against 
the excessive increase of receiving level in the trans- 
ponder, caused when the interrogator and the trans- 
ponder stand too close to each other. Accordingly, it be- 
comes possible to make the transponder compact. 

In the case when the non-contact IC card system 
employs the ASK modulation system, the optimum 
threshold voltage in the transponder does not vary de- 
pending on the distance between the interrogator and 
the transponder. Hence, the bit error rate involved in the 
transmission and reception of signals by no means in- 
creases, and the communication can be stably per- 
formed. 

In a non -contact IC card system which transmits 
and receives signals between an interrogator and a 
transponder, a transmitter-receiver used for the interro- 



6 

gator comprises a distance detecting means for detect- 
ing the distance between the interrogator and the trans- 
ponder, and an output control means for controlling the 
output level of the interrogator in accordance with the 

s signals detected by the distance detecting means, so as 
to keep the receiving level of the transponder within the 
range of a given value. 

The receiving level in the transponder can be pre- 
vented from varying depending on the distance between 

10 the interrogator and the transponder, so that it becomes 
unnecessary to provide a protective circuit against an 
excessive increase of the receiving level. The optimum 
threshold voltage can also be prevented from varying. 

15 

Claims 

1. A transmitter-receiver used for an interrogator in a 
non-contact IC card system which transmits and re- 

20 ceives signals between the interrogator and a trans- 
ponder; said transmitter-receiver comprising; 

a distance detecting means for detecting the 
distance between the interrogator and the 

25 transponder; and 

an output control means for controlling the out- 
put level of the interrogator in accordance with 
the signals detected by the distance detecting 
means, so as to keep the receiving level of the 

30 transponder within the range of a given value. 

2. The transmitter-receiver for a non-contact IC card 
system according to claim 1 , wherein said distance 
detecting means detects an antenna coupling coef- 

35 ficient between the interrogator and the transpond- 
er, and the output control means controls the output 
level in accordance with a reciprocal of the antenna 
coupling coefficient detected by said distance de- 
tecting means. 

40 



45 



50 



55 



4 



EP 0 722 094 A1 



b0 

C 

•i—i 

«•-> 
cd 

|3 
co*g.i: 

HT3 U 



9 



to +-> 

cdOo 
^ cd u>~* 



bO 
C 

cd^ 
— D 
3 O 



a 
z 
o 



in 



55 

a _ 

CO > 



C4-> O 

r 




1 



bO 
C 

ed 

3£ 

•a 3 
o o 
a u 

CO T3 O 



O 4-> 

CO M O 



9 

• f-H 

4~> 4-> 



bO 




o 
-< 
o 

OS 





sing 






to 




1 




"3 


cd 


O 


o 


4-> 


o 












o. 


o 



5 



EP 0 722 094 A1 



b0 

cd 

^ +j 

=3 — 

■O 3 

O O 

CO 0> 

rHT3 O 



2 



00 

^5 go 

^* cd t-i»i-H 
^ T3 Q.O 



b0 
C 

cd 



OS 
Cl3 



o 



■I 



A II — — WW 







c 




0) 








u 






o 


o 
1 


u 




o 






cd 






CD 




> 










^, 8 


T3 




fr- 
-< 

O 
»— • 

OfiS 




o 



o 

W 
S5 



6 



EP 0 722 094 A1 



F i g. 3 



11 



12 



16 



1 



load 
circuit 



F i g. 4 



RECEIVING LEVEL 



THRESHOLD - -: - 






SIGNALS 



NOISE 



SIGNALS 



. INTERROGATOR-TRANSPONDER DISTANCE: LONG 
INTERROGATOR-TRANSPONDER DISTANCE: SHORT 



7 



EP 0 722 094 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Ntnabcr 

EP 96 10 0222 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A,P 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



GB-A-2 187 916 (SHORROCK SECURITY SYSTEMS) 

* page 1, line 53 - line 59 * 

* page 1, line 120 - page 2, line 1; 
figure 1 * 

EP-A-0 297 688 (N. V. NEDERLANDSCHE 
APPARATENFABRIEK NEDAP) 

* column 3, line 51 - column 4, line 3; 
figure 1 * 

DE-A-43 33 964 (ROBERT BOSCH) 

* column 1, line 25 - line 39; figure 3 * 

GB-A-2 137 781 (AT & T INFORMATION 
SYSTEMS) 

* abstract; figure 1 * 



The present search report has been drawn up for all dais 



Ran mt uarcti 

BERLIN 



Dale of cosplelUa of Ike icwta 

15 April 1996 



Relevant 

to I 



CLASSIFICATION OF THE 
APPLICATION (lQLCU) 



G01S13/O2 



TECHNICAL FIELDS 
SEARCHED (Int.d.a) 



G01S 
G06K 
B61L 
H04B 



Breusing, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of (he same patent family, corresponding 
document 



8 



